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Much Ado About Structure

« Structure «<— Function

« Structure «<—> Mechanism

» Structure «— Origins/Evolution
 Structure-based Drug Design

» Solving the Protein Folding Problem




Routes to 3D Structure

X-ray Crystallography (the best)

NMR Spectroscopy (close second)
Cryoelectron microsocopy (distant 3rd)
Homology Modelling (sometimes VG)
Threading (sometimes VG)

Ab initio prediction (getting better)

X-ray Crystallography

detector




X-ray Crystallography

Crystallization
Diffraction Apparatus
Diffraction Principles

Conversion of Diffraction Data to
Electron Density

Resolution
Chain Tracing

Diffraction Apparatus

Area Detector(s)

Focussing Mirrors
(or Monochromator)

Primary X-ray Beam
Rotating Eemm
Anode (Cu)

4-Circle Gonoimeter ( Eulerian or Kappa Geometry)




Protein Crystal Diffraction

Diffraction Pattern

Converting Diffraction Data
to Electron Density
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The Final Result
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NMR Spectroscopy




Multidimensional NMR
1D

MW ~ 30,000

The NMR Process

* Obtain protein sequence
* Collect TOCSY & NOESY data

* Use chemical shift tables and known
sequence to assign TOCSY spectrum

* Use TOCSY to assign NOESY spectrum

* Obtain inter and intra-residue distance
information from NOESY data

* Feed data to computer to solve structure




NMR Spectroscopy

Chemical Shift
Assignments

NOE Intensitiy

J-Couplings

Distance
Geometry
Simulated
Annealing

The Final Result

ORIGX2 0.000000 1.000000 0.000000 0.00000 2TRX 147
ORIGX3 0.000000 0.000000 1.000000 0.00000 2TRX 148
SCALE1 0.011173 0.000000 0.004858 0.00000 2TRX 149
SCALE2 0.000000 0.019585 0.000000 0.00000 2TRX 150
SCALE3 0.000000 0.000000 0.018039 0.00000 2TRX 151
ATOM 1 N SER A 1 21.389 25.406 -4.628 1.00 23.22 2TRX 152
ATOM 2 CA SER A 1 21.628 26.691 -3.983 1.00 24.42 2TRX 153
ATOM 3 C SER A 1 20.937 26.944 -2.679 1.00 24.21 2TRX 154
ATOM 4 O SER A 1 21.072 28.079 =-2.093 1.00 24.97 2TRX 155
ATOM 5 CB SER A 1 21.117 27.770 -=5.002 1.00 28.27 2TRX 156
ATOM 6 OG SER A 1 22.276 27.925 -5.861 1.00 32.61 2TRX 157
ATOM 7 N ASP A 2 20.173 26.028 =-2.163 1.00 21.39 2TRX 158
ATOM 8 CA ASP A 2 19.395 26.125 -0.949 1.00 21.57 2TRX 159
ATOM 9 C ASP A 2 20.264 26.214 0.297 1.00 20.89 2TRX 160
ATOM 10 o ASP A 2 19.760 26.575 1.371 1.00 21.49 2TRX 161
ATOM 11 CB ASP A 2 18.439 24.914 -0.856 1.00 22.14 2TRX 162




X-ray Versus NMR

X-ray NMR
Producing enough * Producing enough
protein for trials labeled protein for
Crystallization time and collection
effort + Sample “conditioning”
Crystal quality, stability < Size of protein
and size control - Assignment process is
Finding isomorphous slow and error prone
derivatives - Measuring NOE’s is

Chain tracing & checking  slow and error prone

Comparative (Homology)
Modelling

ACDEFGHIKLMNPQRST--FGHQWERT----- YREWYEGHADS
ASDEYAHLRILDPQRSTVAYAYE--KSFAPPGSFKWEYEAHADS
MCDEYAHIRLMNPERSTVAGGHQWERT----GSFKEWYAAHADD




Homology Modelling

Offers a method to “Predict” the 3D
structure of proteins for which it is not
possible to obtain X-ray or NMR data

Can be used in understanding
function, activity, specificity, etc.

Of interest to drug companies wishing
to do structure-aided drug design

A keystone of Structural Proteomics

Homology Modelling

Identify homologous sequences in PDB
Align query sequence with homologues

Find Structurally Conserved Regions (SCRs)
Identify Structurally Variable Regions (SVRs)
Generate coordinates for core region
Generate coordinates for loops

Add side chains (Check rotamer library)
Refine structure using energy minimization
Validate structure
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Modelling on the Web

* Prior to 1998 homology modelling
could only be done with commercial
software or command-line freeware

« The process was time-consuming
and labor-intensive

* The past few years has seen an

explosion

in automated web-based

homology modelling servers
* Now anyone can homology model!

SWISS-MODE
File Edt View Favorites Tools Help

Qe - © - [¥] (B @ POsearch
Address | ) I

rosoft Internet Explorer

v ks ¥ &~ @ snagk

MENU

Modeling requests:

® First Approach mode
slignment Interface
Project (optimise) mode

Oligomer modeling
GPCR mode

Model Database

o SWISS-MODEL Repository, a
database for theoretical pratein
models.

Interactive tools

e DeepView - Swiss-PdbViewer, a
tool for viewing and manipulating

nratain ctrictiras and madale

HELP 2

Ereguently 4sked Questions.
Visualising 30 models.
Reliability of models.

How SWISS-MODEL works.

/ SWISS-MODEL

An Automated Comparative Protein Modelling Server

SIB - Biozentrum Basel site provided by

_(,o-»-«.
gor

BIOZENTRUM / 513
R

SWISS-MODEL is a fully automated protein structure homalogy-modeling server, accessible via the
ExPASY web server, or from the program DeepView (Swiss Pdb-Viewer). The purpose of this server is
to make Protein Modelling accessible to all biochemists and molecular biologists World Wide.

The present version of the server is 3.5 and is under constant improvement and debugging. In order
to help us refine the sequence analysis and modelling algorithms, please report of possible bugs and
problems with the modelling procedure.

SWISS-MODEL was initiated in 1993 by Manuel Peitsch, and is now being further developed within
the SIB - Swiss Institute of Bioinformatics in collaboration between Torsten Schwede at the
Structurl Bioinformatics Groug, Biozentrum (University of Basel) and Nicolas Guex 3t GlaxoSmithiline.

ot ational racairear for NEI_coruar arn nravided in_collahoration b th

® Internet

http://swissmodel.expasy.org//SWISS-MODEL.html
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A The WHAT IF Web Interface - Microsoft Internet Explorer [

Fie Edt View Favorkes Tooks Help W

eseck - ﬂ @ ;h /’search \j‘\’(Favontes ['o) ['}‘" f‘\,' R 3

address | ) it crnbi.kur i v ‘ G lnks ¥ & - @ snaglt [
Classes .
/Homology Modelling
 Help
o Administration
» Build/checkirepair model Introduction
o Structure validation
o Analyse a residue Build a model on a template structure.
o Protein analysis
» 2-D graphics Methods
o 3-D graphics
» Hydrogen (bonds) WHAT IF will not align your sequences. You have to align the sequences before you give them to this server.
o dccessibility Read the notes of the file formats and the notes on how this server works
o Atomic contacts Please use the browse function rather than typing file names.
» Coordinate manipulations
0 R Give the template pir-fle . |(Eowe)
» Water Give the template pdb-file
. iﬁ . Give the aligned ssquence pir-Sle
o Crystal symmetry
* mutation prediction
o NMR
o Other options
Ifyou have detected any error, or have any question or suggestion, please send us a mail,
Roland Krause, Jens Erik Nielsen, Gert Vriend
Last modified Sat Jan 14 22:10:09 2006 by JIY

€ [Proteom ® Internet

) CBW Proteomics_Sch... | Proteomics2006 b 10 12540

http://swift.cmbi.kun.nl/WIWWWI/

The Final Result

ORIGX2 0.000000 1.000000 0.000000 0.00000 2TRX 147
ORIGX3 0.000000 0.000000 1.000000 0.00000 2TRX 148
SCALE1 0.011173 0.000000 0.004858 0.00000 2TRX 149
SCALE2 0.000000 0.019585 0.000000 0.00000 2TRX 150
SCALE3 0.000000 0.000000 0.018039 0.00000 2TRX 151
ATOM 1 N SER A 1 21.389 25.406 -4.628 1.00 23.22 2TRX 152
ATOM 2 CA SER A 1 21.628 26.691 -3.983 1.00 24.42 2TRX 153
ATOM 3 C SER A 1 20.937 26.944 -2.679 1.00 24.21 2TRX 154
ATOM 4 O SER A 1 21.072 28.079 =-2.093 1.00 24.97 2TRX 155
ATOM 5 CB SER A 1 21.117 27.770 -=5.002 1.00 28.27 2TRX 156
ATOM 6 OG SER A 1 22.276 27.925 -5.861 1.00 32.61 2TRX 157
ATOM 7 N ASP A 2 20.173 26.028 =-2.163 1.00 21.39 2TRX 158
ATOM 8 CA ASP A 2 19.395 26.125 -0.949 1.00 21.57 2TRX 159
ATOM 9 C ASP A 2 20.264 26.214 0.297 1.00 20.89 2TRX 160
ATOM 10 o ASP A 2 19.760 26.575 1.371 1.00 21.49 2TRX 161
ATOM 11 CB ASP A 2 18.439 24.914 -0.856 1.00 22.14 2TRX 162
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The PDB

* PDB - Protein Data Bank

- Established in 1971 at Brookhaven
National Lab (7 structures)

* Primary archive for macromolecular
structures (proteins, nucleic acids,
carbohydrates — now 40,000 structrs

* Moved from BNL to RCSB (Research
Collaboratory for Structural
Bioinformatics) in 1998

RCSB Protein Data Bank - Netscape g@@

O DD
) NewTab [ RC3B Protein Data Bank 1

I»m

A Memeer or THe S IPDB
An Information Portal to Biological Macromolecular Structures
As of Tuesday Oct 10, 2006 B there are 39323 Structures @ | PDE Statistics @

© FDB ID orkeyword

(Home]| search

Welcome to the RCSB PDB

o | The RCSB PDB provides a variety of tools and resources for studying the = Complete News
structures of biological macromolecules and their relationships to sequence, u Newsletter

function, and disease. = Discussion Forum

@ Tutorial About This Site
W Getting Started

» Download Files The RCSB is a member of the wwPDB whose mission is to ensure that the PDB
archive remains an international resource with uniform data 10-October-2006
P Deposit and Validate DOIs Available for
» Structural Genomics This site offers tools for browsing, searching, and reporting that utilize the data  |Released Entries in the
1 DI EREsen D Bt :it;\‘t‘l;g from ongoing efforts to create a more consistent and comprehensive PDB Archive
) Software Tools Structures released by
e e an el R purers Information about compatible browsers can be found here. the wwPDB into the PDB
Archive are now being
EIBIOSyIC) 4 narrated tutorial illustrates how to search, navigate, browse, generate reports |assigned a Document
» General Information and visualize structures using this new site. [This requires the Macromedia Flash player Object Identifier DOI. The
® Acknowledgements download] DOI System is used to
bRt identifying content
B Frequently Asked Questions Comments? info@rcsb.org objects (such as journal
[8] Known Problems articles, books, and

figures) in the digital
environment.

eport Bugs/Comments
Molecule of the Month: Cytochrome p450

m Full Story

If you have a headache and take a drug to block
the pain, you'll notice that the effects of the drug
wear off in a few hours. This happens because
you have a powerful detoxification system that

10-October-2006
Theoretical Model

finds unusual chemicals, like drugs, and flushes Depositions to the PDB
them out of your body. This system fights all Archive No Longer
sorts of unpleasant chemicals that we eat and Accepted after
breathe, including drugs, poisonous compounds October 15

in plants, carcinogens formed during cooking,
and environmental pollutants. The cytochrome

http://www.rcsb.org/pdb/
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Viewing 3D Structures

RCSB PDI tructure Explorer - Netscape Q@@
DRI

2] NewTab [ RCSB PDB : Structure Explorer 1 %]

A Memeer or e SIPDB
An Information Portal to Biological Macromolecular Structures
As of Tuesday Oct 10, 2006 B there are 39323 Structures @ | PDB Statistics @

PROTEIN DATA BANK

Contact Us | Help | Print Page ' POB 0 orkeyword @ Author FITTITY) © | Advanced Search
Home| Search| Structure| Queries| [ Structure Summary| Biology & Chemistry| Materials & Methods| Sequence Details| Geometry,
2TRX Images and Visualization
 2TRX

» Download Files Title | CRYSTAL STRUCTURE OF THIOREDOXIN FROM Biclogicalvolectig
5

e — ESCHERICHIA COLI AT 1.68 ANGSTROM:
& FASTA Sequence BESOLITIAN
» Display Files

- Authors  Kattl, S.K., Lemaster, D.M., Eklund, H
® Image Gallery Katti, S.K., LeMaster, D.M., EKlund, H. Crystal structure
of thicredon from Escherichia coliat 1.68 A resolution.

Primary ol Biof. v212 pp.167-104, 1990
= Imol Viewer Citation” | npctract; &)

u webMol Viewer
History Deposition 1990-03-13 Release 1991-10-15
u Protein Workshop

wer Experimental 1. x.RAY DIFFRACTION Daa NA

ed) Method
Viewer
(Plugin required) Resolutionf) [ RFree apace Grou
@ KiNG Help Parameters “valie = Space Group
168 0.165 (obs.) n/a ca(c121) Display Options
@ Jmol Help K
@ webMol Help Unitcen  LenothiAl a 8950 b 5106 ¢ 60.45
@ Protein Workshop Help Angles[] alpha 90.00 beta 11350 gamma 90.00
@ quickeon Molecular
O G Description Polymer. 1 Molecule: THOREDOXIN  Chains: AB All Image
Asymmetric
® Assumed Biological Molecule 1 Unit
® Assumed Biological Molecule 2
Functional
= Structural Reports (i | D UGS

D Structure Analysis

File Edit Views Display Tools Help
[Kinemage #1 et
erHistory  ZE|News AEmail {}weather »
VI 2TRXa =
(V] 2TRM e SPDB m
vi 2TRX r Structures
DB Statistics @
[ hets S
(V] atoms.
(v ribbon
Vi coil
¥ beta TRX
(v alpha
[IPickcenter | Showtext
-] Markers Show ierarchy | =
o y e ks

Microsoft PowerP... ~ | () RCSB Protein Data Ba... [ 2 Text window
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KiNG (Kinemage)

* Both a (signed) Java Applet and a
downloadable application

- Application is compatible with most
Operating systems

« Compatible with most Java (1.3+)
enabled browsers including:
— Internet Explorer (Win32)
— Mozilla/Firefox (Win32, OSX, *nix)
— Safari (Mac OS X) and Opera 7.5.4

JMol Applet

) B OF [ [javascript callHelp( (roboloc, molecular_ (_viewersfinteractive, _viewersfimolinteraction.htm’ o
.
75 sta [ @ 4 MicrosoftPowerP...  + (& RC3B Protein Data Ba

15



JMol

Java-based program

Open source applet and application

— Compatible with Linux, MacOS, Windows
Menus access by clicking on Jmol
icon on lower right corner of applet
Supports all major web browsers

— Internet Explorer (Win32)

— Mozilla/Firefox (Win32, OSX, *nix)

— Safari (Mac OS X) and Opera 7.5.4

WebMol

» Help Webal [ 2100 open || pant | cwe | Resetsiab || center | contior | wmte | o | 1| 0

2trx
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WebMol

* Both a Java Applet and a downloadable
application

« Offers many tools including distance,
angle, dihedral angle measurements,
detection of steric conflicts, interactive
Ramachandran plot, diff. distance plot

+ Compatible with most Java (1.3+) enabled
browsers including:
— Internet Explorer 6.0 on Windows XP
— Safari on Mac OS 10.3.3
— Mozilla 1.6 on Linux (Redhat 8.0)

Analyzing and Assessing
3D Structures

AN
\)

Good Structure Bad Structure

17



Why Assess Structure?

A structure can (and often does)
have mistakes

* A poor structure will lead to poor
models of mechanism or relationship

* Unusual parts of a structure may
indicate something important (or an
error)

Famous “bad” structures

* Azobacter ferredoxin (wrong space group)
+ Zn-metallothionein (mistraced chain)

* Alpha bungarotoxin (poor stereochemistry)
* Yeast enolase (mistraced chain)

* Ras P21 oncogene (mistraced chain)

* Gene V protein (poor stereochemistry)

18



How to Assess Structure?

- Assess experimental fit (look at R
factor {X-ray} or rmsd {NMR})

- Assess correctness of overall fold
(look at disposition of hydrophobes,
location of charged residues)

» Assess structure quality (packing,
stereochemistry, bad contacts, etc.)

A Good Protein Structure..

X-ray structure NMR structure

* R =0.59 random chain « rmsd =4 A random

+ R =0.45 initial structure - rmsd = 2 A initial fit

+ R =0.35 getting there - rmsd =1.5A OK

« R =0.25 typical protein - rmsd = 0.8 A typical

* R=0.15 best case « rmsd = 0.4 A best case

« R=0.05small molecule °* rmsd=0.2 A dream on

19



Cautions...

* A low R factor or a good RMSD value does
not guarantee that the structure is “right”

- Differences due to crystallization
conditions, crystal packing, solvent
conditions, concentration effects, etc. can
perturb structures substantially

* Long recognized need to find other ways
to ID good structures from bad (not just
assessing experimental fit)

Structure Variability

X-ray to X-ray NMR to X-ray
Interleukin 18 Erabutoxin
(41bi vs 2mib) (3ebx vs 1era)

20



A Good Protein Structure..

Minimizes disallowed
torsion angles
Maximizes number of
hydrogen bonds
Maximizes buried
hydrophobic ASA
Maximizes exposed
hydrophilic ASA
Minimizes interstitial
cavities or spaces

A Good Protein Structure..

Minimizes number of
“bad” contacts

Minimizes number of
buried charges

Minimizes radius of
gyration

Minimizes covalent
and noncovalent (van
der Waals and
coulombic) energies

21



Structure Validation Servers

Whatlf Web Server -
http://swift.cmbi.kun.n/WIWWWI/

Biotech Validation Suite -
http://biotech.ebi.ac.uk:8400/cgi-bin/sendquery

Verify3D -

http://www.doe-mbi.ucla.edu/Services/Verify_3D/
VADAR - nttp:/iredpoll.pharmacy.ualberta.ca

2 The WHAT IF Web Interface - Microsoft Internet Explorer

File Edt View Favortes Tools Help

Qe - © - [¥] [B @b POsearch Joravones @) (- 12 NP3

Address | @] http: ffswift.cmbi.kun.lfWIWWAY]

v|Boo s ” &~ ©snagt

Classes

Help

Administration
Build/check/repair model
Structure validation
Analyse a residue
Protein analysis

2-D graphics

3-D graphics

Hydrogen (bonds]
Accessibility

Atomnic contacts
Coordinate manipulations
Rotamer related
Cysteine related

Water

Tons

Docking

Crystal symmetry
mutation prediction
NMR

Other options

WHAT IF Web Interface

Click on one of the classes in the left side column to activate those servers.

You can also read the help page, or you can read about the output formats used by all servers. We also made
one page with notes for people who want to make their own servers

W AR NIN G Results are only kept on this server till Saturday, midnight in The Netherlands. This is mainly a
safety feature, but also saves us disk space. Feel free to look at the WHAT IF writeup too,

In case a server fails, first check your input PDB file "List sequence of a PDB file" server that can be found in the
"Administration" section of the servers. If this server gives you a long list of administrative information, and no
obvious error messages, then look at the PDBREPORT database to see if there are other obvious problems
with the PDB file. If that also does not provide an answer, mail the PDB file (and other files when needed) to
Gert Vriend. Please mention the server class (mentioned in the left-hand column of the server page) and the title
of the actual server (you click on that in the right-hand part of the server page to get at that server).

Last software update on April 30, 2006. Please report any 'funnies'
T you have detected any errors, or have any question or suggestion,please send us a mad,
Roland Krause, Jens Erik Nielsen, Gert Viend,

Last modified Sat Jan 14 22:10:10 2006 by I

&] Done.

14 start Gj CBW Proteom... | = Local Disk (D:) & 1.2Proteinfea... | &J§ Proteomi &) Calgary2006....

@ Internet
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2 NIH MBI Laboratory for, Structural Genomics and Proteomics - Microsoft Internet Explorer (=]

File Edt View Favortes Tools Help

Qe - @ [¥] [B] @b POsesh Sfpravontes )

sSB-U

Address | &) httpsfjrihserver.mbi.ucla,edufVerify_3Dj v\ B ks ” & - @ snagt
-
Verify3D Structure people [ Seminars
Evaluation Server Lectures [ Webmail é
Links 0O Facilities UCLA
[servers Home] Software [J Home

Number of Residues = 105

30-10 Averaged Score

041 012

High scores = good Low scores = bad

VADAR - Netscape
View Go Bookmarks Tools Window Help

> ]
ENEE 1

VADAR Version 1.4

Please click here to do multiple chain analysis
Note: VADAR cannot process proteins > 2000 residues

VADAR (Volume, Area, Dihedral Angle Reporter) is a compilation of more than 15 different algorithms and
programs for analyzing and assessing peptide and protein structures from their PDB coordinate data. The
results have been validated through extensive comparison to published data and careful visual inspection.
The VADAR web server supports the submission of either PDB formatted files or PDB accession
numbers. VADAR produces extensive tables and high quality graphs for quantitatively and qualitatively

hy, NIMR

assessing protein structures d d by X-ray crystall P! py, 3D-threading or
homology modelling.

Acknowledgement:

We would like to thank E and CTHR for their financial support.

——
For additional information on how to run VADAR or to process multiple chains via VADAR, click this
button

Select desired PDB file

Note: the uploaded file must be in PDB format in order for this form to work. Refer to the HELP button
above.

% Py Documents osoft PowerPoint

http://redpoll.pharmacy.ualberta.ca
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Structure Validation Programs

* PROCHECK -

http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html

* PROSAII -

http://llore.came.sbg.ac.at/People/mo/Prosal/prosa.html

- VADAR -
http://lIwww.pence.ualberta.cal/ftp/vadar/

« DSSP -
http://lIwww.embl-heidelberg.de/dssp/

Procheck

Peee Ramachandran Plot

Residue properties
labe

a. Absolutc deviation [rom mean Chi-l value (cxcl, Pro)

s8E8

uuuuuuuuuuuuu

Psi (degrees)

uuuuuuuuuuuuu

c. C-alpha chirality: abs. deviation of zcta torsion
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Comparing 3D Structures

Same or Different?

Qualitative vs. Quantitative

Rigid Body Superposition

25



Superposition

* Objective is to match or overlay 2 or
more similar objects

* Requires use of translation and
rotation operators (matrices/vectors)

- Least squares or conjugate gradient
minimization (McLachlan/Kabsch)

- Lagrangian multipliers
Quaternion-based methods (fasfest)

SuperPose Web Server

[ =Seremose-siorts

HILLg
i

g2
< fw
ML

i

,,,,,,,,

.
&) NewTab [ - superPose: 1

SuperPose Version 1.

is a protein superposition server. e
i quaternion approach. Fi

rver. SuperPose calculates pre
ch. From a superposition of two or ff  wewel [fesut  Spenl el &1 4o

—PDB Entry A

Select the first PDB file

- [ & merosoft Powerpoint

http://wishart.biology.ualberta.ca/SuperPose/
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Superposition - Applications

+ ldeal for comparing or overlaying two or
more protein structures

+ Allows identification of structural
homologues (CATH and SCOP)

+ Allows loops to be inserted or replaced from
loop libraries (comparative modelling)

* Allows side chains to be replaced or
inserted with relative ease

Measuring Superpositions

) . )
/ Molecule b

Molecule a

27



RMSD - Root Mean Square Deviation

* Method to quantify structural similarity -
same as standard deviation

- Requires 2 superimposed structures
(deSignatEd here as “a” & “bu)

* N = number of atoms being compared

RMSD = —VZ.: (Xai = Xpi)*+(Vai = Yoi) (2, - 2,,7)?

/N

RMSD

0.0-0.5 A == Essentially Identical
<1.5A == Very good fit

<5.0 A == Moderately good fit
5.0-7.0 A == Structurally related
>7.0 A == Dubious relationship
>12.0 A =+ Completely unrelated

28



Detecting Unusua
Relationships

Similarity between Calmodulin and Acetylcholinesterase

Classifying Protein Folds

2 RCSB PDB : Structure Explorer
Fle Edt Vew Favortes Took Hep

Q- © ¥ B @ POsean

Address

icrosoft Internet Explorer

VB i ” & ©snagr pf

Home)| Search| Structure) Queries)

Fie Edt Vew Favortes Toos Hep i
= omex 5
%) @ @ search e Favaes €2 (3 . 3
» bownload Files Title CRYSTALS 1B G/ € 3
ST o ESCHERICH s o iy oty .t b YD > & G i
1 Bty (10 vt oy | Structural Classifcation of Proteins
» pisplay Molecule Authors R
® SuucturalReports
Katti, SK., |
‘ Structure Analysis Primary  oftioredodn
» Geometry Citation'  JMolEloi v2 . A A ) .
| [ tavsiract)| Protein: Thioredoxin from Escherichia coli
Classi ion History Deposition 1} B
‘ = ron beveston 1 fineage:
= ot quaterany S
Method TP XRAYL g b scop
m CATH olution 2. Class: Alpha and beta proteins (a/b) [51349]
m sDee solutentA Mainly parallel beta sheats (beta-alpha-beta wnits)

u sse Parameters | co Fold: Thioredoxin fold [52832]

core: 3 layers, a/bla; mixed beta-shaet of 4 strands, order 4312; strand 3 s antiparallel o the rest
= FaTCAT

4. Superfamiy. Thioredowin-like [52833]
= yast Longnity o > Femiy Diokuansferace [52834]
=oAL unitcen GotUEl 3 6. Protein Thioredoxi [52835]

e 7. Species: Eecherichia coli [52836]

Wolecular

» Help Deseription  Foymer 1 PDB Entry Domains:
Asymmetric

1 B
complexed with cu, mpd

1. chain a [32719] ESKED)
2. chan b [32720) BT
26 [32721) BRI
complexed with cu; mutant
1tho (32722 ERENE]

&) cne level ® internet
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SCOP Database

2 SCOP: Structural Clas: of Proteins - Microsoft Internet Explorer ]
Fle Edt View Favortes Took Help ]
Q- © - [¥] [@ @ POsewcn Jpravomss &) (3~ 12

[ @1 httpifscop.mrc-imb.cam.ac.ukfscopf VB s ” & @ snagk B

Structural Classification of Proteins

Welcome to SCOP: Structural Classification of Proteins.
1.69 release (Tuly 2005)

25973 DB Entries. 1 Literature Reference. 70859 Domains. (excluding nucleic acids and theoretical
models).

Folds, superfamilies, and families statitics here

New folds superfamilies families

List of obsolete entries and their replacements

Authors. Alesey G. Murzin, John-Mare Chandonia, Antonina Andreeva, Dave Howorth, Loredana Lo Clonte, Bartlett G. Alley, Steven E. Brenner, Tim J. P.
Hubbard, and Cyrus Chothia. scop@mrc-imb.cam ac.uk.

Reference: Murzin A G, Brenner S. E., Hubbard T, Chothia C. (1995). SCOP: a structural classification of proteins database for the investigation of sequences
and structures. J. Mol. Biol. 247, 536-540. [EDF]

Recent changes are described in: Lo Conte L., Brenner . E., Hubbard T.J.P., Chothia C., Murzin & (2002). SCOP database in 2002: refinements accommodate
structural genornics. Mucl. Acid Res. 30(1), 264-267. [PDE] and

Andreeva A, Howorth D., Brenner S.E., Hubbard T.J.P., Chothia C., Murzin A G. (2004). SCOP database in 2004; refinements integrate structure and sequence
family data. Nucl. Acid Res. 32.D226-D229, [EDE]

Access methods

« Enter 5cop at the top of the hierarchy

o Keyword search of SCOP entries

* SCOP parseable files

o AllSCOP releases and reclassified entry histos

* SCOP domain sequences and pdb-style coordinate files (ASTRAL) ]

http://scop.mrc-Imb.cam.ac.uk/scop

SCOP

« Class folding class derived from
secondary structure content

* Fold derived from topological
connection, orientation, arrangement
and # 2° structures

« Superfamily clusters of low sequence
ID but related structures & functions

« Family clusers of proteins with seq ID
> 30% with v. similar struct. & function
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SCOP Structural
Classification

1FXD - Ferredoxin like
1SNC - OB-fold

3CHY - Flavodoxin like 1NFN - 4-helix bundle

The eight most frequent SCOP superfolds

The CATH Database

2 CATH Protein Structure Classification Database (UCL) - Microsoft Internet Explorer

Fle Edt View Favortes Tooks Help

Q- © - [¥] [ @ POseach oraones @ 2l B~ 1) B

Ve e & G i

CATH Protein Structure Classification

Version 3.0.0: Released May 2006
CATH Group

D Lesley Greene, Dr. Frances M.G. Pearl, Or. 1an Silltoe, Dr. Mark Dibley, Mr. Tony Lewis, Mr.
Oliver Reafern, Dr. Alison Cuff

Contributors to the CATH Version 3.0.0 Release
Dr. Rekha Nambudiy, Dr. Azara Janmohared, Dr. JanetMoioney, Dr. Kanchan Phacwal, Dr.

Corin Yeats, Ms. Sarah Addou, Mr. Tim Daliman, Mr. Adam Reic, Ms. Elisabeth Rideal, Dr.
Russell L Marsden, Dr. David Lee, Prof. Janet Thornton, Prof. Christine A. Orengo

Links

« Browse or search the classification

 CATH statistics and release information

« General information on CATH

« CATH lists and FTP site

 [NEW] Raw data files for CATH (including CATH Domain PDB files)

 DHS - Dictionary of Homologous Superfamilies. Summary of structural and functional
features for CATH Homologous Superfarilies

« CATHFile Formats for FTP files)

Introduction v

& © Internet

http://www.cathdb.info/latest/index.html
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CATH

» Class [C] derived from secondary
structure content (automatic)

* Architecture (A) derived from
orientation of 2° structures (manual)

* Topology (T) derived from topological
connection and # 2° structures

 Homologous Superfamily (H) clusters
of similar structures & functions

CATH - Class

/ R .
w S g
't SN e o

Class 1: Class 2: Class 3: Class 4:
Mainly Alpha Mainly Beta Mixed Few Secondary
Alpha/Beta Structures

Secondary structure content (automatic)
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CATH - Architecture

Roll Super Roll Barrel 2-Layer
Sandwich

Orientation of secondary structures (manual)

CATH - Topology

L-fucose Isomerase rine Pri Aconitase, TIM Barrel
Serine Protease domain 4

Topological connection and number of secondary structures
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CATH - Homology

Alanine racemase Dih)éd(lgmae)roat FMN dependent 7-stranded
synthetase quoreslcent glycosidases
proteins

Superfamily clusters of similar structures & functions

Other Servers/Databases

Dalli - http://iwww.ebi.ac.uk/dali/

VAST - www.ncbi.nim.nih.gov/Structure/VAST/vast.shtml
CE - nttp:/icl.sdsc.edul/ce.html

FSSP - http://lwww.ebi.ac.uk/dali/fssp/fssp.html
PDBsum - www.biochem.ucl.ac.uk/bsm/pdbsum/
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Protein Interactions

(]
n 36

A ;[@\\
5 o, |

|
2 Apgy oy

35



The Parts List

Sequencing gives “serial number”
Sequence alignment gives a name
Microarrays give # of parts

X-ray and NMR give a picture

However, having a collection of parts
and names doesn’t tell you how to
put something together or how
things connect -- this is biology

Remember: Proteins Interact

»
.. Nucleus

c—Fos ,W‘ c—Jun
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Proteins Assemble

Types of Interactions

Permanent (quaternary structure,
formation of stable complexes)

Transient (brief interactions,
signaling events, pathways)

About 1/4 to 1/3 of all proteins form
complexes (dimers - multimers)

Each protein may transiently interact
with ~3 other proteins
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Protein Interaction Tools
and Techniques -
Experimental Methods

3D Structure Determination

+ X-ray crystallography
— grow crystal
e : — collect diffract. data
—_— ! — calculate e- density
crystal — trace chain
* NMR spectroscopy
— label protein
— collect NMR spectra
— assign spectra & NOEs

— calculate structure
using distance geom.
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Quaternary Structure

Some interactions
are real

Others are not

http://www.mshri.on.ca/pawson/domains.html
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Yeast Two-Hybrid Analysis

Yeast two-hybrid
experiments yield
information on protein
protein interactions
GAL4 Binding Domain

* GAL4 Activation Domain

« XandY are two proteins of
interest

B N i © IFX &Y interact then

[ - reporter gene is expressed

Affinity Pull-down

Step 1. Immobilize the biotieylated *balt” protein Step 2. Wash away unboend protein, ES- Bind “prey” protein to Immotulized Step 6. Wash avay unbound protan.
" protein /
6 %ﬂp{ o
¥ ¥
‘ ' @
4 n 2 L
Step 3. Block avalable Streptavidin sitas with Step 4 Wash away wbound Bioth Step 8. Anayzetor “prey” protein on SDS-BGE.

3
5

L( §"mm L( )imm@

24y : L

r ey &

Ve | £ [
— -




Protein Arrays

A .
EE

@
H [ [+
g [> ]

PI{4,5)P,

Calmodulin PI(3)P

Proteinprotein Protein-nucleic Acid Protein-lipid

PIig)P PI3AP, [

A Flood of Data

High throughput techniques are
leading to more and more data on
protein interactions

Very high level of false positives —
need tools to sort and rationalize

This is where bioinformatics can play
a key role

Some suggest that this is the
“future” for bioinformatics
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Interaction Databases

BIND

— http://lwww.bind.ca/

DIP

— http://dip.doe-mbi.ucla.edu/
MINT

— http://160.80.34.4/mint/
IntAct

— http://www.ebi.ac.uk/intact/in
dex.jsp

More Protein Interaction Databases
http://www.hgmp.mrc.ac.uk/GenomeWeb/prot-interaction.html

Reliability of HT Interaction

Data (Patil & Nakamura, BMC Bioinf. 6:100, 2005)

+ Assessed reliability using known
interacting Pfam domains, Gene Ontology
annotations and sequence homology

* 56% of HT data for yeast are reliable
+ 27% of HT data for C. elegans are reliable

* 18% of HT data for D. melanogaster are
reliable

* 68% of HT data for H. sapiens are reliable

42



Protein Interaction Tools
and Techniques -
Computational Methods

Interologs, Homologs, Paralogs...

- Homolog | :{:
— Common Ancestors ' -
— Common 3D Structure LL}‘W
— Common Active Sites i “’"gm
- Ortholog N
— Derived from Speciation - WM M e
- Paralog oo B
— Derived from Duplication T /\ SP
- Interolog "~ N ol
— Protein-Protein Interaction . .




Sequence Searching
Against Known Domains

Protein Interaction Domains

s e S G @ w e e
S
‘F-box

OO

Sowo”  [orome,  ow

A 4

L

-

(N ANK

‘.‘sm_r ﬁ;F‘ {mn fvuﬂf repeat

Jo e Gem frer]
[M DA ey ‘ BHi’ Bz H{BHg {BHe

http://www.mshri.on.ca/pawson/domains.html

® « &
L 2O

Rosetta Stone Method

Monomeric proteins that are fused in other organisms tend to be functionally related and
physically interacting.

For example, using the Rosetta Stone™ method, it was
found that human Nit and Fhit proteins are:

fused in invertebrates

form a heterocomplex in mammals

Human Nit Human Fhit
———

—
—
Invertebrate NitFhit
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Text Mining

« Searching Medline or Pubmed for
words or word combinations

« “X binds to Y”’; “X interacts with Y”;
“X associates with Y” etc. etc.

* Requires a list of known gene names
or protein names for a given
organism (a protein/gene thesaurus)

iIHOP (Information
hyperlinked over proteins)

L

~hitp:/www ihop-net org/UniPub/iHOP!

apt [ S0wop-
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Visualizing Interactions

’ M I N T a Molecular IN Teractions database
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Cytoscape (www.cytoscape.org)

OSprey http://biodata.mshri.on.ca/osprey/serviet/Index
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Pathway Visualization with
TRANSPATH

Clickable map

/An important initiator of

sAgnaIlng extracellular

regulation
—_—

TAB2 | TAK1 TaB1

General pathway overview

One click on a compound will
take you to the database

|Document: Done

http://lwww.biobase.de/pages/products/transpath.html

Pathway Visualization
with BioCarta

Netscape

Carta - Pathway Category Wr
. Hle Edt Wew Go Bookmarks Toos Window Hep

\Q@o@‘?

=
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Dynamic Simulations
using SimCelli

W tnyptophan

Summary

 First application of bioinformatics
was probably in protein structure

(the PDB)

 Structural biology continues to be a

rich source for bioinformatics

innovation and bioinformaticians

* Next “big” step in bioinformatics is
to go from the “parts list” to figuring

out how to put it all together
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